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Abstract. Micro plastics have recently emerged as a major biohazard that has a considerable impact on the environment.
Moreover, of the detrimental capabilities of micro plastics, a hope of controlling efforts of micro plastics has been in the headlines.
microplastics have gained notoriety due to their adverse effects on the environment and wildlife. Controlling these minuscule
yet harmful particles requires effective monitoring, detection, and management strategies. This analysis delves into the diverse
techniques and technologies available for tracking and mitigating microplastic pollution. Therefore, the following analysis has aimed
at analysing the monitoring technologies and methods for micro plastics. Additionally, the monitoring methods are observed along
with the advantages and disadvantages. For the development of the analysis, a secondary qualitative method was used in the process.
Additionally, the graphical representation of the efforts for controlling the novel pollutant is analysed along with relevant problems.
Hence, a coherent discussion is presented in the following analysis. This research contributes to the broader understanding of
microplastic pollution and its monitoring while underlining the need for enhanced control measures. It provides a valuable resource
for policymakers, environmentalists, and researchers working toward a cleaner, more sustainable environment. As microplastics
continue to infiltrate ecosystems worldwide, comprehensive monitoring and control efforts are of paramount importance.
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1. Introduction. Microplastics, minuscule plastic particles less than 5 millimeters in size, have become a
global environmental concern, particularly when they infiltrate aquatic ecosystems. These tiny plastic fragments
have emerged as significant pollutants in our water bodies, presenting a range of ecological and human health
challenges. The proliferation of microplastics can be attributed to the breakdown of larger plastic items,
like bottles and packaging, and the widespread use of microbeads in personal care products. Additionally,
microplastics can originate from the wear and tear of synthetic textiles, tire abrasion, and the degradation of
marine debris

Due to the properties of micro plastic, it is hard to detect the presence of the same in the environment.
Therefore, development in the methods of detecting micro plastic plays a major role in environmental protec-
tion. It was estimated that around 92% of plastic particles are present in the ocean as a major pollutant [1].
Additionally, it was noted that such a heavy amount of plastic is harmful to ocean wildlife. Thus, the follow-
ing analysis has aimed at evolving the monitoring technologies used for micro plastic detection [2]. Further,
advantages and disadvantages are presented in the following analysis in order to determine the impact of the
methods.

In figure 1.1, micro plastic monitoring comprises of various waste particles that have been reported as
harmful around the globe to understand the role of waste water which is increasing abruptly. In this section,
the various array based reflections have been made that are based on microbes and are primarily settled due
to 76.9% of the total MP detectors [3]. With the increase in micro plastic pollution, the rivers and seas are
suspected to lose their nutritional values soon thereby harmony the lives of the water bodies predominantly.
As a result of this, the various harmful factors are addressed to have concomitant outcomes that are found to
be difficult in practice.

The detrimental impact of microplastics is multifaceted. They pose a direct threat to marine life as they
are often mistaken for food and ingested by a variety of organisms, from zooplankton to fish, eventually entering
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Fig. 1.1: Graphical representation of micro plastic monitoring

the food chain. Beyond the ecological consequences, microplastics are also a matter of human health concern as
they can carry harmful chemicals and transfer them to the seafood we consume. it is imperative to comprehend
the extent of microplastic pollution in water, monitor its presence, and develop strategies for its mitigation.
This paper offers a detailed analysis of microplastic monitoring technologies and methods, shedding light on
their advantages and disadvantages, and emphasizing their significance in addressing this modern environmental
challenge.

2. Objectives. In order to develop the results in an effective manner the following analyses objectives
were followed:

• To provide a comprehensive analysis of microplastics and their influence on aquatic ecosystems.
• To examine the methodologies employed in microplastic monitoring.
• To assess the existing limitations in environmental microplastic detection technologies.
• To explore the drawbacks of various monitoring methods and their implications for scalability.

3. Methodology. The methodology of analysis looks into the elements that contributed to the develop-
ment of the empirical analysis. Therefore, it can be contemplated that the methodology of a study is responsible
for the systematic development of tangible results [3]. In order to analyse the monitoring methods of micro plas-
tics secondary data was considered in the study. Furthermore, a qualitative method of analysis was employed
in the following analyses. Collecting secondary information can be beneficial in analysing reliable information
[4]. Additionally, with the use of the qualitative method of analysis, it was possible to implement a reliable
relation among different factors. Further, advantages and disadvantages were analysed and reliable methods
are prescribed based on the relations.

Microplastics are tiny plastic particles or fibers measuring less than 5 millimeters in size. They can come
from various sources and can be broadly categorized into two main types: primary microplastics and secondary
microplastics.

1. Primary Microplastics:
(a) Microbeads: These are small plastic particles commonly found in personal care products such as

exfoliating scrubs and toothpaste. When washed down the drain, they can enter water bodies,
posing a threat to aquatic life.

(b) Nurdles: Nurdles are pre-production plastic pellets used in manufacturing. Accidental spills during
transportation or handling can lead to their entry into water systems.

(c) Microfibers: Microfibers are tiny threads shed from synthetic textiles when we wash our clothes.
They are a major contributor to microplastic pollution in oceans.

2. Secondary Microplastics:
(a) Fragmented Plastics: Larger plastic items, like bottles and bags, can break down over time into
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Fig. 3.1: Sources of micro plastic and their share

smaller fragments due to weathering processes. These fragments then become secondary microplas-
tics.

(b) Tire Wear Particles: As vehicle tires wear down, they release small rubber particles containing
microplastics into the environment. These are often washed into water bodies by rain.

(c) Plastic Film Fragments: Discarded plastic bags and packaging materials can degrade into smaller
pieces that find their way into water systems.

The harm caused by microplastics includes ingestion by marine life, with potential health effects extending
up the food chain to humans. These particles can disrupt ecosystems, harm wildlife, and introduce toxins into
aquatic environments. Addressing microplastic pollution is crucial to protect both the environment and human
health.

3.1. Micro plates and their impact on environments . Micro plastics have emerged as a major micro
pollutant over the years. Primarily micro plastics are small plastic particles that are not destroyed and cause
pollution in the environment. Micro plastics range in size from less than 5 millimetres to as small as a few
nanometres [5]. They are a kind of plastic waste that may be discovered in a variety of environmental contexts,
such as soil, water, and even the air [6]. The disintegration of bigger plastic objects, the breakdown of synthetic
fabrics, and the discharge of micro beads from personal care products are just a few of the potential sources of
micro plastics. It was noted that around 92% of micro plastics are found on the ocean surface [7]. Therefore,
micro plastic can be contemplated as one of the major pollutants of aquatic wildlife.

In the above graph 3.1, the different sources of micro plastics are illustrated along with their share of ocean
micro plastic. It can be seen that synthetic textile is one of the major pollutants that have a 35% share. In
addition, was such as car tires and dust are one of the major contributors to the increase in micro plastic
particles in the ocean. Additionally, personal care products have a 2% share of increasing the plastic in ocean
beds [8].

It was noted that there are two kinds of micro plastic that are responsible for the pollution.
The primary source of micro plastic: Primary micro plastics can be defined as plastic particles that

are purposefully produced in a small size, such as plastic pellets used in industrial operations or micro beads
used in cosmetics and cleaning goods 9.

Secondary sources of micro plastics: Secondary micro plastic are plastic fragments that are left over
when bigger plastic objects deteriorate and break apart over time [9]. For instance, environmental elements
like sunshine, wind, and wave action can cause the breakdown of plastic bottles, bags, and other plastic items,
resulting in the production of smaller particles.

3.2. Methods for monitoring micro plastic. Due to the growing identification of micro plastics as new
pollutants with potentially adverse effects on the environment and human health, the assessment of monitoring
technologies and methodologies for micro plastics in water is of utmost relevance. Understanding the distri-
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Fig. 3.2: Fourier Transform Infrared Spectroscopy (FTIR)

bution, concentration, and origins of micro plastics in aquatic habitats requires accurate quantitative analysis
and effective screening. Following are some of the methods used for micro plastic monitoring:

“Fourier Transform Infrared Spectroscopy (FTIR)”: Based on their molecular vibrations, FTIR
can distinguish between various polymer types in micro plastics [10]. It may be used in conjunction with other
quantification techniques and is helpful for qualitative analysis.

Raman Spectroscopy: Raman spectroscopy has the benefit of being non-destructive and, similar to
FTIR, can distinguish different kinds of polymers [11]. Both qualitative and quantitative analyses can benefit
from Raman spectroscopy [3].

Method of optical microscopy: Micro plastics can be visually identified and quantified using optical
microscopy, including stereomicroscope and microscopy employing dyes like Nile Red [12]. Although time-
consuming and somewhat limited in its ability to identify microscopic particles, it is reliable [13].

Method of Sediment sampling: Sediment is a type of testing that is helpful in detecting the excessive
amount of plastics under the sea level. It is performed by extracting the plastics and products of plastics by
the potential sources with the help of commercial ships and aquaculture activities [16]. Through sediment
sampling, the depth of the sea bodies can be estimated and the microscope reviver rate is expected to raise
with the different pre treatment methods. The extraction of micro plastics may include both the steps in which
natural organic materials are degraded resulting in rinsing off the saturated solution segments [18].

Organic degradation: Degradation can be possible when microorganisms such as the fungi and bacteria
with the help of enzymatic actions convert themselves into the metabolic products such as carbon dioxide,
methane and water respectively [19]. It includes the initial attachments off microbial and micro plastics with
the assistance of the bio degradable energies that are the outcome off microbes.

Dye natural fibres: The influence of common textile based on cotton fabrics are assessed to be durable
that generates nearly 14,000 particles of cotton fabric. The microbes are formed under water by cross linking
with the repellent treatment to contribute into loosing the microfiber shedding in the global marine environment
[21]. However, a mismatched plastic waste ends up entering into the water bodies causing miserable harm to
the water bodies. The practice of bio degradation is worldwide and it helps in dumping waste and litters into
smaller fragments to replenish the micro plastics as well as to measure the density of the water.

Sieve supernatants: The separation of harmful particles from the water bodies has made new techniques
and efficacies to separate micro plastics from the matrix thick and rich mass of obligations. The abundance of
micro plastics is pertinent to be limiting the associated hazards and thereby increasing the ample of resources
to factories the reliability of the obtained results in a significant manner [23]. It is relevant to the micro plastics
that can be compared relatively by isolating the micro plastics from the mass of environmental samples in order
to get the appropriate results.

Auto sampler: Auto sampler is use for the collection of samples that are precise in the artificial practices
of collecting the samples of the dust particles to gain utmost productivity. It is an automated machine that
is associated with the gas chromatographers that revolves in the horizontal position. Auto sampler liquids
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Fig. 3.3: Sieve supernatants of micro particles

Fig. 3.4: ATR FTIR analysis

comprises of concentric hoardings that enable the pumping syringe to push the bio resources into the water
bodies. The sampling apparatus is the titration that determines the carousal auto samplers to inhibit into
the potential courses to acknowledge the floating of discharged liquid that are commonly used in the gas
chromatography [22].

ATR FTIR analysis: Attenuated total reflectance(ATR), is the most widely is sampling method that
determines the transformation of water bodies particles to administer the range of samples to form to explore
the natural differences to explore the natural habitat that are accustomed to cluster the organic functions to
control the water molecules in order to determine the frequency of the water bodies [24]. The mineral resources
are observed to articulate the various concomitants in a selective manner.

The above figure 3.4 is illustrates the functional elements of the ATR cycle that reflects the IR beam
samples which is protruded to verify the IR sources. The relevant practiced are determined to acknowledge the
functional operations in a significant manner.

3.3. Gaps in the process of Micro plastic monitoring. During the analysis of past literature, it was
noted that there are some specific issues related to micro plastic detection [14]. One of the major factors was
related to the cost of the process. It was noted that the cost of FTIR and Raman Spectroscopy was one of
the major hindrances to the mass implication of such methods. However, the effectiveness of the methods is
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Fig. 3.5: Flow chart analysis of micro plastic

comparatively better than other methods. Additionally, it was determined that such methods are complex in
nature [15]. Hence, it can be contemplated that the complexity of the process of major decision-making and
data interpretation can be impacted.

4. Results. In order to determine the monitoring process of micro plastic a systematic analysis was
conducted where different factors were observed. It was noted that micro plastics are one of the major issues that
are polluting the ocean beads. Therefore, accurate monitoring is essential in order to improve the condition [16].

In the above illustration 4.1, a predictive analysis is presented that indicts the growth of micro plastic
pollution by the year 2050 [17]. It can be seen that with appropriate precautions it is possible to stop the
emission rate by the year 2020. However, the above graph further indicated that falling to control the micro
plastic can result in a 2.5 million tone of micro plastics in the ocean [18]. Therefore, developing effective
monitoring is essential for the process.

From the above graphical 4.2 representation, a detailed understanding of the surface micro plastic can be
comprehended. It can be contemplated that there are different levels of the sink for the Micro plastics [19].
Hence, it was found that the monitoring methods need to efficiently identify the different levels of micro plastic
identification. Moreover, for such implications, micro plastic need to methods need to be cost-effective [20].
At the time of analysing pat literature, it was noted that there are certain issues related to the methods that
are hindering the mass application [21]. For instance, costly processes, complex methods, and interpretation of
accurate information are major disadvantages of FTIR methods [22].

However, some of the modern methods are able to counter such issues in an effective manner. For instance,
Method of holographic identification where a 3D imaging of the particle is created [23]. In such a manner, a
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Fig. 4.1: Predictive analysis of the possible directions of micro plastic pollution

Fig. 4.2: Time history showing (a) the total mass of marine micro plastic present at the ocean’s surface with
and without sinks (black line), sinks present in the North Pacific (yellow line), and sinks present close to coasts
(blue line).

better prediction of the micro plastic can be conducted. Furthermore, Nano particle methods aid to identify the
small sizes of plastic [24]. Therefore, an effective contemplation of the particles can be conducted. Additionally,
methods of collecting samples have a major impact on the Identification method of the data [25]. It was found
that with appropriate sample collection size, range, and propagation of the particles can be identified [26].

The above figure 4.3 signifies the probability rate of the micro particles that are addressed as detectable to
produce logarithmic scales. The popularity of the instrumental conditioning have enforced the various courses
of actions to acknowledge the supplementary data sets that can be exposed to the rising commercial possibilities
in a significant manner [26]. The maximum water level is measured to be cumulative in nature to measure
the uncertainties of micro plastics being exposed into the water bodies. The concentrated part is laid off to
factorise the small vesicles forming plasma membrane around the water bodies. The cumulative frequency
raises to 1.0 with a concentration of activating platelets to compliment the activating exposure to over activate
the homeostasis of the circulating micro particles [25].

The above figure 4.4 illustrates the co exposure of viruses developed from the micro plastics that abnormally
increases the mortality rate of the fish and other water animals. The graphical presentation shows that with
zero micro particles, the water remains harmless and clear as crystal. The moments it is accompanies with
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Fig. 4.3: Probability curve of the micro particles

Fig. 4.4: Affectivity rate of the water bodies due to micro particles

virus and nano particles, it decreases the proximity level of the water making it harmful and poisonous for the
water bodies [18].

The above figure 4.5 illustrates the global annual plastic dumping into the water bodies and carcinogenic
substances. This reduces the fertility of the water thereby making it less effective for the water living bodies.
The prevalence of viruses has reduced the quality of the water thereby making it polystyrene in condition
[19]. The credibility level reduces and the nylon micro fibres incrses the mortality rate of the water bodies by
exposing them to the harmful gases.

5. Conclusion. Therefore, the following analysis conducted a secondary analysis on the impact of micro
plastics and effective monitoring methods of the same. For instance, it was found that monitoring methods
such as FTIR and Raman Spectroscopy are one of the major monitoring methods for micro plastic in ocean
beds. Additionally, it was noted that there are different sinking stages of the micro plastic that need to be
monitored in an effective manner. Gaps in the process were discussed in an effective manner that sheds light on
the disadvantages of current methods. It was noted that cost-effectiveness and accuracy is the prime hindrance
to the scalability of such systems. Therefore, a coherent discussion on the use of monitoring technology for
micro plastic in ocean beds is presented in the study.

In conclusion, this study underscores the critical importance of microplastic monitoring in addressing the
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Fig. 4.5: Dumping of plastics in water bodies annually

growing environmental crisis posed by these minuscule yet highly damaging particles. Microplastics have
emerged as a significant biohazard, profoundly impacting both aquatic ecosystems and the health of organisms
within them. The systematic analysis conducted here has shed light on the various aspects of microplastic mon-
itoring, from understanding their sources and distributions to evaluating the effectiveness of different methods
and technologies. The findings have revealed the urgent need for accurate monitoring and mitigation efforts to
curb the escalating pollution of water bodies, particularly the oceans.

The predictive analysis presented in this study serves as a stark reminder of the trajectory of microplastic
pollution if immediate action is not taken. While the possibility of halting the emission rate by 2020 exists,
the consequences of failing to do so are dire, with projections of 2.5 million tons of microplastics flooding
our oceans by 2050. It is imperative that we heed these warnings and work towards implementing effective
monitoring strategies to control the growing menace of microplastics. Additionally, the results indicate that
different methods for monitoring microplastics come with their own advantages and disadvantages.

REFERENCES

[1] R. Beiras and A. M. Schönemann, Currently monitored microplastics pose negligible ecological risk to the global ocean,
Scientific reports, 10 (2020), p. 22281.

[2] M. Bigdeli, A. Mohammadian, A. Pilechi, and M. Taheri, Lagrangian modeling of marine microplastics fate and transport:
The state of the science, Journal of Marine Science and Engineering, 10 (2022), p. 481.

[3] F. Chai, K. S. Johnson, H. Claustre, X. Xing, Y. Wang, E. Boss, S. Riser, K. Fennel, O. Schofield, and A. Sutton,
Monitoring ocean biogeochemistry with autonomous platforms, Nature Reviews Earth & Environment, 1 (2020), pp. 315–
326.

[4] V. H. da Silva, F. Murphy, J. M. Amigo, C. Stedmon, and J. Strand, Classification and quantification of microplastics
(< 100 µm) using a focal plane array–fourier transform infrared imaging system and machine learning, Analytical
Chemistry, 92 (2020), pp. 13724–13733.

[5] J. Gago, A. Filgueiras, M. L. Pedrotti, M. Caetano, and J. Frias, Standardised protocol for monitoring microplastics
in seawater. deliverable 4.1., (2019).

[6] B. Hufnagl, M. Stibi, H. Martirosyan, U. Wilczek, J. N. Möller, M. G. Löder, C. Laforsch, and H. Lohninger,
Computer-assisted analysis of microplastics in environmental samples based on µftir imaging in combination with machine
learning, Environmental science & technology letters, 9 (2021), pp. 90–95.

[7] C. Hung, N. Klasios, X. Zhu, M. Sedlak, R. Sutton, and C. M. Rochman, Methods matter: methods for sampling
microplastic and other anthropogenic particles and their implications for monitoring and ecological risk assessment,
Integrated environmental assessment and management, 17 (2021), pp. 282–291.

[8] J. S. Jones, A. Guézou, S. Medor, C. Nickson, G. Savage, D. Alarcón-Ruales, T. S. Galloway, J. P. Muñoz-Pérez,
S. E. Nelms, A. Porter, et al., Microplastic distribution and composition on two galápagos island beaches, ecuador:
Verifying the use of citizen science derived data in long-term monitoring, Environmental Pollution, 311 (2022), p. 120011.

[9] P. Kershaw, A. Turra, F. Galgani, et al., Guidelines for the monitoring and assessment of plastic litter and microplastics
in the ocean., (2019).

[10] S. Lechthaler, L. Hildebrandt, G. Stauch, and H. Schüttrumpf, Canola oil extraction in conjunction with a plastic free
separation unit optimises microplastics monitoring in water and sediment, Analytical Methods, 12 (2020), pp. 5128–5139.



738 K. Hu, D. Li, X. Cui,.D. Hu, J. Chen, S. Zhuan, H. Chang, Y. Zhang, T. An, J.Zhang

[11] C. Li, R. Busquets, and L. C. Campos, Assessment of microplastics in freshwater systems: A review, Science of the Total
Environment, 707 (2020), p. 135578.

[12] C. Massarelli, C. Campanale, and V. F. Uricchio, A handy open-source application based on computer vision and
machine learning algorithms to count and classify microplastics, Water, 13 (2021), p. 2104.

[13] A. Melet, P. Teatini, G. Le Cozannet, C. Jamet, A. Conversi, J. Benveniste, and R. Almar, Earth observations for
monitoring marine coastal hazards and their drivers, Surveys in Geophysics, 41 (2020), pp. 1489–1534.

[14] Y. Michida, S. Chavanich, S. Chiba, M. R. Cordova, A. Cozsar Cabanas, F. Glagani, P. Hagmann, H. Hinata,
A. Isobe, P. Kershaw, et al., Guidelines for harmonizing ocean surface microplastic monitoring methods. version 1.1.,
(2019).

[15] E. Miller, M. Sedlak, D. Lin, C. Box, C. Holleman, C. M. Rochman, and R. Sutton, Recommended best practices
for collecting, analyzing, and reporting microplastics in environmental media: Lessons learned from comprehensive
monitoring of san francisco bay, Journal of hazardous materials, 409 (2021), p. 124770.

[16] S. Phan, D. Torrejon, J. Furseth, E. Mee, and C. Luscombe, Exploiting weak supervision to facilitate segmentation,
classification, and analysis of microplastics (< 100 µm) using raman microspectroscopy images, Science of The Total
Environment, 886 (2023), p. 163786.

[17] S. Primpke, A. M. Booth, G. Gerdts, A. Gomiero, T. Kögel, A. Lusher, J. Strand, B. M. Scholz-Böttcher,
F. Galgani, J. Provencher, et al., Monitoring of microplastic pollution in the arctic: recent developments in polymer
identification, quality assurance and control, and data reporting, Arctic Science, 9 (2022), pp. 176–197.

[18] A. Shahanaghi, Y. Yang, and R. M. Buehrer, Stochastic link modeling of static wireless sensor networks over the ocean
surface, IEEE Transactions on Wireless Communications, 19 (2020), pp. 4154–4169.

[19] F. Stock, C. Kochleus, B. Bänsch-Baltruschat, N. Brennholt, and G. Reifferscheid, Sampling techniques and
preparation methods for microplastic analyses in the aquatic environment–a review, TrAC Trends in Analytical Chemistry,
113 (2019), pp. 84–92.

[20] L. W. van Raamsdonk, M. van der Zande, A. A. Koelmans, R. L. Hoogenboom, R. J. Peters, M. J. Groot, A. A.
Peijnenburg, and Y. J. Weesepoel, Current insights into monitoring, bioaccumulation, and potential health effects of
microplastics present in the food chain, Foods, 9 (2020), p. 72.

[21] S. Wang, Q. Dong, L. Duan, Y. Sun, M. Jian, J. Li, and J. Dong, A fast internal wave detection method based on pcanet
for ocean monitoring, Journal of Intelligent Systems, 28 (2019), pp. 103–113.

[22] S. L. Wright, T. Gouin, A. A. Koelmans, and L. Scheuermann, Development of screening criteria for microplastic parti-
cles in air and atmospheric deposition: critical review and applicability towards assessing human exposure, Microplastics
and Nanoplastics, 1 (2021), pp. 1–18.

[23] J. Yang, J. Wen, Y. Wang, B. Jiang, H. Wang, and H. Song, Fog-based marine environmental information monitoring
toward ocean of things, IEEE Internet of Things Journal, 7 (2019), pp. 4238–4247.

[24] C. Zhang, L. Liu, L. Zhou, X. Yin, X. Wei, Y. Hu, Y. Liu, S. Chen, J. Wang, and Z. L. Wang, Self-powered sensor for
quantifying ocean surface water waves based on triboelectric nanogenerator, Acs Nano, 14 (2020), pp. 7092–7100.

[25] X. Zhang, H. Zhang, K. Yu, N. Li, Y. Liu, X. Liu, H. Zhang, B. Yang, W. Wu, J. Gao, et al., Rapid monitoring
approach for microplastics using portable pyrolysis-mass spectrometry, Analytical chemistry, 92 (2020), pp. 4656–4662.

[26] Y. Zhu, C. H. Yeung, and E. Y. Lam, Microplastic pollution monitoring with holographic classification and deep learning,
Journal of Physics: Photonics, 3 (2021), p. 024013.

Edited by: Sathishkumar V E
Special issue on: Scalability and Sustainability in Distributed Sensor Networks
Received: Aug 26, 2023
Accepted: Oct 28, 2023


